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S(00) = -1 + j
S(01) = -1 – j
S(10) = 1 + j

































































































































u1 u2 u3 u4 u5 u6
a, b, c, d, e, and f can be real or complex numbers

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 = 6 b/s/Hz
 = 10 b/s/Hz
Fig.3.2:ReductionincomplexitybetweentheSM-MLandproposedm-Malgorithmsfor
η=6b/s/Hzandη=10



























 = 10 b/s/Hz















































 = 10 b/s/Hz
 = 6 b/s/Hz
Fig.3.4:Complexitygainwhenusingtheproposedm-MovertheSM-SDalgorithmsin[5]
and[8],forη=6b/s/Hzandη=10

























 = 10 b/s/Hz



















 = 6 b/s/Hz







































































































































































































































































s1 s1 s1 s1s2 s2 s2 s2
d= [0.2 1.2 9.0 0.10.8 0.3 0.9 5.2]
v= [ 1    1   1   1   1   1   1  1 ]
d= [0.21.2 9.0 0.4 0.8 0.3 0.9 5.2]
v= [ 1    1   1   2   1   1   1  1 ]
d= [0.5 1.2 9.0 0.4 0.8 0.30.9 5.2]
v= [ 2    1   1   2   1   1   1  1 ]
d= [0.5 1.2 9.0 0.40.8 0.7 0.9 5.2]
v= [ 2    1   1   2   1   2   1  1 ]
d= [0.51.2 9.0 0.6 0.8 0.7 0.9 5.2]
v= [ 2    1   1   3   1   2   1  1 ]
d= [0.551.2 9.0 0.6 0.8 0.7 0.9 5.2]












































































































































































































































































































































































































































































































































































































































































































































































2 = 0, 1/snr,
    0.1, 0.2
(a)8-QAMfor8×8














2 = 0, 1/snr,
    0.1, 0.2
SM-MIMO. (b)16-QAMfor16×16SM-MIMO.
Fig.4.4:














2 = 0, 1/snr,
    0.1, 0.2
BERcomparisonofdeterminedSM-MIMOsystemfordiferentdecoders.
(a)8-QAMfor6×8
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(a)8-QAMfor10×8
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PrRSD xj→ x̂̂j =Pr(̂xopt=xt|̂xopt∈Ξψcol)+Pr(̂xopt/∈Ξψcol), (5.8)
wherex̂optistheoptimalsolution.Theconditionalprobabilityin(5.8)containstwoindepen-
dentevents.Theexpectedvalueof(5.8)canconsequentlybewritenas

























































































































































































































































































































































































































































































































































































































































































000 1 [1 0 1 0 0]
001 2 [e−j
2π
3 0 0 1 0]
010 3 [e−j
4π
3 0 0 0 1]
011 4 [0 1 e−j
π
2 0 0]





101 6 [0 e−j
4π
3 0 0 e−j
2π
3 ]
110 7 [0 0 e−jπ e−j
4π
3 0]




































































































































































































































































































































































































Additions ( T = 1)
Multiplications (T = 1)
Additions (T = 5)
Multiplications (T = 5)
Additions (T = 10)







































































































































































































































































0 1 1 0 1 0
1 0 1 0 0 1
0 1 0 1 0 1


















































































































































































































































































































































































































































































































































































































































































































































































































































































































SNR = 2.5 dB
SNR = 5 dB
SNR = 7.5 dB
SNR = 10 dB








































































[ρ1 ρ2 ρ3]=[35 70 50] providesaverysimilarBERperformanceasMPA.The
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MSUD (K = 1)
MSUD (K = 4)
FCSD [5 10 8]
FCSD [35 70 50]
MPA (K = 1)

















MSUD (K = 1)
MSUD (K = 4)
FCSD [5 10 8]
FCSD [35 70 50]
MPA (K = 1)
MPA (K = 5)
Fig.7.7:BERperformancecomparisonof4×4MIMOwithM =2(i.e.,ηu=3
SNR (dB)
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MSUD (K = 1)
MSUD (K = 4)
FCSD [10 20 16]
FCSD [110 320 300]
MPA (K = 1)
MPA (K = 5)
Fig.7.9:BERperformancecomparisonof2×4MIMOwithM =4(i.e.,ηu=4
SNR (dB)











MSUD (K = 1)
MSUD (K = 4)
FCSD [10 20 16]
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MSUD (K = 1)
MSUD (K = 4)
FCSD [10 20 16]
FCSD [110 320 300]
MPA (K = 1)






















MPA (K = 5)
FCSD [35 70 50]





























MPA (K = 5)
FCSD [35 70 50]


























MPA (K = 5)
FCSD [110 320 300]


































MPA (K = 5)
FCSD [110 320 300]
MSUD (K = 4)
SUD
Fig.7.15:RealmultiplicationscomparisonofdiferentSM-SCMAdecodersforηu=4
bpcu.
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Chapter8
ConclusionsandPotentialDirectionsof
FutureInvestigation
Inthisfinalchapter,Isummarizethecontributionspresentedinthisthesisanddiscussseveral
potentialfuturedirectionsofinvestigation.
8.1 Conclusions
Inthiswork,thefocuswasondesigningefficientschemesforfuturewirelesstechnologies,
suchasSMandQSMinsingle-user,andSM-SCMAinmulti-userscenarios.Mostofthe
proposeddesignsprovidetheoptimumBERperformance.InChapter2,alow-complexity
decodingalgorithmforsquareQSMsingle-userMIMOwasproposed,whichsignificantly
reducesthedecodingcomplexityoftheMLdecoderwithnolossintheoptimalBERperfor-
mance.AfurtherreductioninthedecodingcomplexitywithoptimumBERperformance
wasproposedinChapter3forgeneralQSMandSMsingle-userMIMOsystem.Chapter
4providedfurtheranalysisofthealgorithmproposedinChapter3intermsofexpected
decodingcomplexityandthebehaviorofthealgorithmforperfectandimperfectchannel
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stateinformationatthereceiverside.Furthermore,anovelreliablealgorithmtodecode
single-userSMtransmitedmessageswasproposedinChapter5.TheBERperformanceand
complexityoftheproposedalgorithmweretheoreticalyderived.Theproposedalgorithm
providesasignificantreductioninthedecodingcomplexitycomparedtoML,withoutsacri-
ficingtheBERperformance.Moreover,aflexibletrade-ofbetweentheBERperformance
andcomplexitywaspresentedtodemonstratethereliabilityoftheproposedalgorithm.
Alow-costmulti-userSMMIMOsystemwasproposedinChapter6withtheaidofthe
SCMAtechnique.Thisproposedsystemrequiresasmalernumberofthetransmitantenna
withalmostnoadditionaldetrimentstotheBERperformanceordecodingcomplexitywhen
comparedwiththeconventionalSM-SCMA.Moreover,threelow-complexitydecoding
algorithmswereproposedinChapter7fortheSM-SCMAsystem.Thefirstalgorithm
canbeconsideredthebenchmarkforthedecodingcomplexityattheexpenseoftheBER
performance,whichisstilacceptableforsomepracticalapplications.Thesecondalgo-
rithmimprovestheBERperformanceofthefirstalgorithmwiththeaddedcostofslightly
increaseddecodingcomplexity.Finaly,thethirdalgorithmnotonlyprovidestheoptimal
BERperformancewithasignificantreductioninthedecodingcomplexity,butalsoprovides
aflexibletrade-ofbetweenBERandcomplexity.Thesealgorithmscanfitawiderangeof
practicalapplicationswithspecificrequirementsforbothoperationandhardwareimplemen-
tation.Themathematicalformulation,complexityanalysisforalproposedalgorithms,and
simulationresultswereprovidedtosupportthesefindings.
8.2 PotentialDirectionsofFutureInvestigation
Theworkpresentedinthisthesisopensthedoorforfutureinvestigations,amongwhichIlist
thefolowing:
•Machinelearningmethodscanbeappliedtothesingle-userSM-MIMOsystem.Neural
172
networksshouldbeasuitableoption,astheycanapproximateanyfunctionwhenthe
datasetsizeissufficientlylarge.Thenumberoflayersandneuronsforeachlayer
shouldbeinvestigatedaccordingtothegivenproblem,suchassystemsizeandtarget
BERperformance.
•Sincethemulti-userSM-SCMAsystemisapromisingtechniqueproposedvery
recently,moreinvestigationsshouldbeperformedonit,suchasevaluatingthesystem
underdiversetransmissionenvironments.
•NovelschemesmaybeproposedfortheSM-SCMAsystemtoenhancethefunctional-
ityofthetransmiterand/orreceiver.
•Low-complexityreceiversmaybeexploredfortheSM-SCMAsystemforfurther
reductioninthedecodingcomplexity,whiletakingintoaccounttheBERperformance.
•MachinelearningmodelsmaybestudiedfortheSM-SCMAsystemtoreduceits
decodingcomplexity.
Inconclusion,moreinvestigationscanbedoneregardingreducingthedecodingcomplexity
oftheSM-MIMOandSM-SCMAsystems.Theneuralnetworkapproachshouldbeoneof
theavenuestobeconsideredintheseinvestigations.
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